INTRODUCTION
Changes and intensification of agricultural practices across Europe are considered to be the most important factor affecting the populations of a large number of bird species that utilise agricultural land (Wilson et al. 1999 , Mason & Macdonald 2000 , Donald et al. 2001 . Loss of habitat heterogeneity, changes in culture types and farming regimes, and widespread herbicide and pesticide application has led to massive declines in food abundance and diversity, especially invertebrates, during the breeding season (Stoate et al. 1998 , Moreby & Stoate 2001 , Robinson et al. 2001 , Newton 2004 , Britschgi et al. 2006 . In bird breeding areas, declines in invertebrate populations can have severe adverse effects on survival of nestlings, which rely on a diet rich in proteins. Thus, identification of important invertebrate groups in the diet of birds has direct management implications in terms of habitat improvement and conservation (Moreby & Stoate 2000 , Di Giulio et al. 2001 , Fournier & Arlettaz 2001 .
The Ortolan Bunting Emberiza hortulana is a longdistance passerine migrant that has suffered a major population decline across Europe in recent decades (Stolt 1993 , Cramp & Perrins 1994 , Dale & Hagen 1997 , Go / lawski & Dombrowski 2002 , Revaz et al. 2005 , Vepsäläinen et al. 2005 . Causes of decline are often attributed to loss of suitable breeding habitats, possibly through changes in agricultural practices (Revaz et al. 2005 , Vepsäläinen et al. 2005 , including intensification of farming away from the more traditional diverse crops (Go / lawski & Dombrowski 2002) and increased use of pesticides (Claessens 1992 , Steifetten & Dale 2006 . In addition to potential issues associated with habitat degradation on the breeding grounds, it is also likely that other factors in the wintering areas and stopover sites, such as hunting (Claessens 1992) and rainfall (Zwarts et al. 2009 ), may be responsible for the observed population declines (von Bülow 1990 , Stolt 1993 , Cramp & Perrins 1994 , Tucker & Heath 1994 , Vepsäläinen et al. 2005 , though little is known about the wintering areas of this species (Cramp & Perrins 1994 , Yosef & Tryjanowski 2002 , Vepsäläinen et al. 2005 .
In the early 1980s, the Ortolan Bunting still bred near Geneva and in the canton Graubünden, but since then has ceased to do so (Revaz et al. 2005 , see also Géroudet 1954) . The only remaining breeding population of the Ortolan Bunting in Switzerland occupies the south-exposed slopes of the Rhône Valley in the canton Valais, between 600 and 1400 m a.s.l. (Rehsteiner et al. 2004) . In 1978-79, the population in Switzerland was estimated at 243 singing males, whereas in 2004, a total of only 32 singing males were reported, exclusively from the canton Valais (Revaz et al. 2005) .
Farmland has been determined as an important foraging habitat for Ortolan Buntings during the breeding season (Dale 2000 , Dale & Olsen 2002 , Dale & Manceau 2003 , and it is suggested that maintenance of traditional, small parcel farming and high crop variety are important for breeding Ortolan Buntings (Claessens 1992 , Dale 2000 . In Switzerland, it is said that the species requires the availability of patchy, structurally diverse habitats, with solitary trees, bushes and rocks, which are used as song posts (Lang et al. 1990 , Vepsäläinen et al. 2005 , as well as warm, dry areas with small parcel farming (Rehsteiner et al. 2004) , though this is yet to be quantified. In a pre-emptive conservation measure, small parcels of oat were sown on the plain near the slope where the last Swiss Ortolan Buntings reside. Oat is considered an important resource for Ortolan Buntings upon arrival and before departure on migration (Keusch 1991) . Not much more is known about the foraging habitat requirements of the Ortolan Bunting in Switzerland.
Initially, our aim was to identify the preferred diet and foraging habitats of Ortolan Buntings when adults are provisioning nestlings. However, there was an unforeseen population crash, and to our knowledge, the remaining population consisted essentially of unpaired males, with no confirmed breeding in Switzerland in 2007. As a result, habitat selection analysis could only be conducted for unpaired males, which necessitated a revision of the focal questions of the study.
Foraging habitat selection of unpaired male Ortolan Buntings during the breeding season was investigated at the habitat and microhabitat scales. At the habitat scale, we aimed to identify which habitat types are favoured by foraging Ortolan Buntings, and on the microhabitat scale, the main structural features at sites visited by foraging Ortolan Buntings. At the habitat scale, we also aimed to determine if oat fields were used during the breeding season. Finally, we investigated if there is a link between foraging habitat of Ortolan Buntings and prey availability. By recognising basic ecological requirements, we hoped to be able to formulate habitat management guidelines to possibly rescue this population from the brink of extinction. We did not achieve that goal due to the current non-breeding status of the population, but think that some of our results could still shed more light on the ecology of this declining species. 
METHODS

Study Site
The study was carried out from May to August 2007, on the south-facing slopes of the Rhône valley (46°19'N, 7°40'E) to the East of the town of Leuk in the canton Valais, Switzerland. The study site is characterized by dry, rocky, sub-Mediterranean shrub-steppe, interspersed with tracts of xeric deciduous oak Quercus pubescens and coniferous Pinus sylvestris forest. The study site extends onto the plain at the base of the steppe, which nowadays is primarily occupied by intensive agriculture (Fig. 1) . Much of the study area was burnt by a wildfire in 1979 (Keusch 1991) .
The Valais Field Station of the Swiss Ornithological Institute has monitored the population of Ortolan Buntings at the study site since 2002 (Revaz et al. 2005) . Censuses are conducted primarily on the basis of counting singing males.
Capture and radio-tracking
Male Ortolan Buntings were captured using mist nets placed within the territory of a singing male. Males were attracted with playback of the territorial song. A stuffed male Ortolan Bunting was positioned over the tape-recorder to act as an additional lure. The stuffed male and tape-recorder were placed on the ground, in view of a singing male, with the net placed in between. Captured birds were ringed with a numbered metal ring, as well as a combination of three colour rings. Birds were fitted with radio-tags (BD-2, 1.4 g, Holohil Systems Ltd., Canada), using a Rappole harness (Rappole & Tipton 1991 , Naef-Daenzer 2007 . The most appropriate leg-loop size of the harness was 55 mm, using the formula as presented by Naef-Daenzer (2007) . Leg loops were constructed from 0.5 mm diameter natural rubber. Radio-tracking was conducted using a 3-element antenna and a receiver (Australis 26k Tracking Receiver, Titley Electronics, Australia). Birds were tracked during the day, with a minimum 5 min interval between locations of the same individual to avoid spatio-temporal autocorrelation (Aebischer et al. 1993) . Locations were marked with a Global Positioning System (GPS, Garmin eTrex Summit, Garmin Ltd., USA).
As Ortolan Buntings typically forage on the ground (Cramp & Perrins 1994), birds that were on the ground were considered to be foraging. Home ranges for each individual were estimated using the minimum convex polygon (MCP) method (Mohr 1947 , White & Garrott 1990 , calculated with ArcView v3.3 GIS software (Environmental Systems Research Institute Inc., California) with the Animal Movement extension v2.0 (Hooge et al. 1999) , using all locations for each bird, either foraging or perched. Within each home range, an equivalent number of random locations as observed locations were generated. A 5-m buffer was placed around the visited locations when generating the random locations so as to prevent overlap, as well as allowing a minimum of 5 m between random points.
Habitat selection
At each location, broad-scale habitat type was recorded. Nine distinct habitat types were present in the foraging areas: Maize fields treated with herbicide, untreated Maize fields, Meadow, Lucerne, Riparian vegetation, Rye, Oats, Ploughed field, and Other (which includes infrastructure, road works and river). Preliminary observations in the field suggested that the two different types of Maize fields (those with and without use of herbicides) were used to a different extent by foraging birds, thus, these are treated as separate habitat types. The habitat type Other was not considered as available foraging habitat for the birds, therefore it was excluded from further analyses. As a result, the remaining area within the MCP was considered as the total area. The actual cover of the different habitat types was determined by superimposing the home ranges over an orthophoto using ArcView v3.3. Actual locations and boundaries of habitat types changing between years, such as crops, were verified by mapping in the field with the use of a GPS.
Microhabitat selection
In addition to habitat type, at each of the recorded foraging and random locations, a number of habitat variables were recorded within a 2 x2 m square around the focal location. The habitat variables recorded were: Bare ground cover, Vegetation cover at 0.5-1 m and at 1-2 m (all in %, 5-10% accuracy). Only those males with ≥ 40 foraging locations were included in the analysis.
Prey availability
Availability of ground-dwelling invertebrate prey was sampled by pitfall trapping, as, being a ground-foraging species, ground-dwelling invertebrate fauna feature prominently in the diet of Ortolan Buntings during the breeding season (Cramp & Perrins 1994) . Adult Ortolan Buntings may revert to a diet of seeds towards the end of the breeding season (Cramp & Perrins 1994 , Glutz von Blotzheim & Bauer 1997 ; however, at the time of our study, the crops and grasses were still green. This indicated a very low availability of seeds. Thus, it was considered that the birds were still feeding on invertebrates, which could be confirmed by in situ observations. Pitfall trapping was employed in the three main habitat types, Maize fields treated with herbicides, untreated Maize fields, and Meadow. Pitfall traps consisted of small plastic (yoghurt) containers, 9 cm high with a top diameter of 7 cm, placed within a piece of PVC pipe (7 cm diameter) in the ground. Traps were half-filled with ethylene glycol, with a plastic cover (11 cm 2 ) placed approximately 3 cm above the trap. Traps were installed in two rows of three, with 2 m between traps and rows. Four trapping grids were placed at random in each habitat type, within the overall area used by the foraging Ortolan Buntings. Traps were emptied three times, at three-day intervals from 4-14 August 2007. Sampling was conducted in August, as there was a need to first determine the foraging area of the males, in which to conduct the invertebrate sampling. Invertebrate samples were stored in 70% ethanol in sealed plastic bags. Invertebrates were sorted to order level with the use of a dissecting microscope. Samples were then dried in an oven at 60°C for a period of 72 hours. The number of individuals in each category was counted and then weighed using a balance (Mettler Toledo PB303-L Delta Range, Switzerland) to an accuracy of ± 0.001 g. Only invertebrates longer than 2 mm were considered as potential prey.
Statistical analyses
Habitat use was assessed using a randomised contingency table procedure (Estabrook & Estabrook 1989 , Arlettaz 1999 , Estabrook et al. 2002 , comparing visited foraging locations and random locations within the MCP of each male.
Microhabitat requirements were assessed using binomial logistic regression, comparing habitat variables of visited locations with random locations. Continuous variables were first tested for pair-wise correlation, using Spearman's Rank Correlation Coefficient (r s ). An r s = |0.7| was used as the acceptable lower limit of correlation. If a variable pair exceeded this, the ARDEA 97(3), 2009 least biologically meaningful variable was excluded from further analysis. Multicollinearity between the variables was tested for using Variance Inflation Factors (VIF, Faraway 2004) . Quadratic functions of all variables were also tested to determine if there is an optimum level governing the likelihood of occurrence of foraging Ortolan Buntings. A Generalised Linear Mixed Model (GLMM) procedure (Broström 2003 , Bolker et al. 2008 was applied, including the individual bird as a random factor. Eighteen models were defined a priori and ranked based on Akaike's Information Criterion, corrected for small samples (AIC c ) (Burnham & Anderson 1998 , Johnson & Omland 2004 . The models with AIC c weights (w i ) summing to 0.95 were defined as the most parsimonious set of models, and the model with the highest w i was selected to make predictions.
Relationships between habitat type and invertebrate abundance and dry biomass were tested using Linear Mixed-effects Models (Crawley 2007) . Site and habitat were included as random factors in the models, with site nested within habitat. The effect of habitat was determined by comparing a model with habitat as the explanatory variable, and a null model (Crawley 2007) . The relationship between abundance and biomass of the two major invertebrate groups and habitat was also tested. The mean of the three sampling replicates for each pitfall trap was used for the analysis. In order to improve normality, the variables Total abundance, Total biomass, Aranaea abundance and Coleoptera abundance were log-transformed, and the variable Aranaea biomass was square root transformed.
Randomised contingency tables were calculated using the program ACTUS2 (Estabrook & Estabrook 1989) , with 10 000 simulations. All modeling was carried out using the program R v2.5.1 (The R Development Core Team 2006). The library glmmML (Broström 2003 ) was used for Generalised Linear Mixed Models, and the library nlme (Pinheiro et al. 2009 ) for linear mixed-effects models (both available at http://cran.rproject.org).
RESULTS
Capture and radio-tracking
Of six males captured, four could be successfully radiotracked. Only one female was observed during the study period, with no confirmed breeding in Switzerland in 2007. From 25 June, males abandoned their singing territories on the steppe (foothill slope) and moved to the fields on the plain below, where they remained throughout the rest of the season (Fig. 1) . For each of Males 3, 5 and 6, 40 foraging locations were recorded from the plain, with only eight locations recorded for Male 1. The most abundant habitat type (disregarding Other) within the foraging ranges of the males was Meadow, followed by Maize fields treated with herbicide, Rye, untreated Maize fields and Riparian vegetation, Lucerne and Oat (Table 1) ; Oat was only present within the foraging area of Male 3. The most commonly used habitat was Maize fields treated with herbicides, followed by Rye and Meadow and untreated Maize fields (Table 1 ). The remaining four habitat types were not visited by foraging birds.
Habitat selection
Results from the randomised contingency tables show strong disproportionate use of Maize fields treated with herbicides, for all four birds (Males 5 and 6, P < 0.001; Male 3, P < 0.01; Male 1, P < 0.05; Fig. 2) , and avoidance of meadows for three out of the four males (Males 5 and 6, P < 0.001; Male 3, P < 0.01). Male 6 avoided untreated Maize fields (Fig. 2, P Table 1 . Area (ha) and percentage of each habitat type within the foraging range of four radio-tracked male Ortolan Buntings (represented by ring number). Foraging area is expressed as the minimum convex polygon determined from the radio-tracking study. 'Other' includes infrastructure, road works and river. Males 2 and 4 are not included as insufficient data for foraging habitat selection analyses were collected (see text for details).
Microhabitat selection
None of the microhabitat variables were strongly correlated (r s ≤ 0.38; VIF ≤ 1.15), thus all variables were retained in the modelling. Four models had a combined w i = 0.95 (Table 2) . The most parsimonious model contained only the variables Bare ground, Vegetation to 1 m and the square of Vegetation to 1 m (Table 2) , thus these are considered to be important for determining foraging habitat selection of Ortolan Buntings. The inclusion of an interaction between Bare ground and Vegetation to 1 m did not improve the AIC c of this model. Parameter estimates for the variables included in this model showed an increasing probability of occurrence, with increasing percentage cover of Bare ground (Fig. 3A) . Bare ground cover above 70% exceeded the 0.5 level of probability, indicating positive selection (Fig. 3A) . The quadratic function of Vegetation to 1 m exceeded the 0.5 level of occurrence probability at a cover between 20-70% with an optimum occurrence probability of 0.8 at 50% cover (Fig. 3B) .
Prey availability
A total of 5404 invertebrates were collected from 14 orders, totaling 52.48 g dry biomass. The most abundant orders were: Aranaea (45.9%), Coleoptera (35.4%) and Diptera (9.4%). The orders contributing most to dry biomass were: Coleoptera (78.5%), Aranaea (12.3%) and Orthoptera (6.7%). The total abundance of invertebrates differed significantly between habitat types (Table 3 , P = 0.004). The highest abundance was recorded from Meadow (Fig. 4) . Total dry biomass did not differ significantly between habitat types (Table 3 , P = 0.34). Total abundance and biomass of Aranaea were significantly correlated (R 2 = 0.88, n = 70, P < 0.001), thus, only dry biomass was used for the analysis. Dry biomass of Aranaea differed significantly between habitat types (Table 3 , P < 0.001); with Meadow providing the highest value (Fig. 4) . Dry biomass of Coleoptera did not differ significantly between habitats (Table 3 , P = 0.64), conversely, abundance showed a significant difference (Table 3 , P = 0.018), with the highest abundance occurring in Meadow (Fig. 4) . +  ns  ns  ns  0  0  ns  0  male 3  ++  ns  ns  --ns  ns  ns  0  male 5 +++  ns  ns  ---0  0  ns  0  male 6 +++  -ns  ---ns 
DISCUSSION
The Swiss Ortolan Bunting population has experienced a significant crash in recent years. In 2004, 32 singing males remained in Switzerland, including around 20 males recorded from our study site (Revaz et al. 2005) ; 20 territories were recorded again in 2006 (E. Revaz, pers. comm.) . Based on these results, it was assumed that the population was still functioning as a breeding population, though declining and in need of conservation. The present study shows the population is much smaller than previously thought (8-9 singing males, 1 female), and is possibly now functionally extinct as a breeding population. A high proportion of unpaired males has been observed in declining Ortolan Bunting populations elsewhere (Dale 2001 , Dale et al. 2005 , Steifetten & Dale 2006 , as well as in other passerine species (Donald 2007) .
Male Ortolan Buntings showed a clear disproportionate use of Maize fields treated with herbicides, and an avoidance of Meadows. Additionally, there was an avoidance of Riparian vegetation, and one male avoided untreated Maize fields. An increase in Maize farming, at the expense of cereals, has been mentioned as one of the factors potentially affecting the Ortolan Bunting (Ikemeyer & von Bülow 1995 , Steifetten & Dale 2006 , Berg 2008 . Maize fields are often considered unsuitable for nesting or foraging (Ikemeyer & von Bülow 1995 , Hänel 2004 ), but Bellenhaus (2007) mentioned that Ortolan Buntings of unknown breeding status used Maize fields.
Bare ground is known to be an important habitat characteristic for Ortolan Buntings (Naevra 2002 , Berg 2008 , Menz et al. 2009 ), as well as for a number of other terrestrially foraging bird species (Moorcroft et al. 2002 , Butler & Gillings 2004 , Maurer 2006 , Ioset 2007 , Weisshaupt 2007 ). At our study site, Maize fields treated with herbicides differed from untreated Maize fields by the high proportion of bare ground, contrasting with a dense cover of herbaceous plants in the latter. The use of Maize fields treated with herbicides may be the result of birds being driven to use impoverished habitat when faced with this as the least unfavourable option. Habitats treated with herbicide are not considered favourable habitat, as herbicide has been identified as a major factor involved in the degradation of European farmland habitats (Newton 2004) .
The diet of Ortolan Buntings comprises both plant and animal material, but animal material predominates during reproduction, with chicks fed almost exclusively on arthropods (Keusch & Mosimann 1984 , Cramp & Perrins 1994 , Glutz von Blotzheim & Bauer 1997).
Even though the highest invertebrate abundance (as well as the dominant groups, Aranaea and Coleoptera) occurred in meadows, this habitat was avoided by foraging Ortolan Buntings. Conversely, Maize fields were shown to harbour a comparatively lower abundance of potential invertebrate prey. This suggests that prey accessibility, here in open terrain created by herbicide application, may be a more important habitat feature than prey abundance itself, at least for unpaired males. Breeding Ortolan Buntings may show different patterns of habitat use (Bellenhaus 2007) , to cope with the high protein demand of rapidly growing nestlings. With the increase of agricultural intensification across Europe, invertebrate prey availability and accessibility has become a growing issue for management of birds dependent on agricultural land (Donald et al. 2001 , Vickery et al. 2001 , Benton et al. 2003 , McCracken & Tallowin 2004 , Atkinson et al. 2005 .
The extent to which this may drive the habitat selection of breeding Ortolan Buntings necessitates further investigation in reproducing populations. Regarding the study population, it may be that progressive closing of the steppe vegetation, due to natural vegetation succession, after a fire opened up the area in 1979 (Keusch 1991) , may have changed the ecological conditions so drastically that suitable foraging habitat is no longer available today. In this case, the high site fidelity, as recorded in older male Ortolan Buntings (Keusch & Mosimann 1984 , Dale et al. 2005 , could explain the persistence of a population consisting primarily of unpaired males. Foraging in agricultural land could thus result simply from the unavailability of crucial foraging habitat (Fonderflick et al. 2005) . Ortolan Buntings breeding in northern Europe do so in quite different habitat types compared with those breeding in southern Mediterranean Europe (Small 1992 , Cramp & Perrins 1994 . Much of the research on habitat selection of Ortolan Buntings to date has been focused on regions in northern and central/western Europe (i.e. Lang et al. 1990 , Ikemeyer & von Bülow 1995 , Dale 2000 , Dale & Olsen 2002 , Deutsch 2007 , Lang 2007 . The habitats that Ortolan Buntings occupy in these areas, i.e. primarily farmland, do not reflect that which is occupied by the species in and around the Mediterranean (Small 1992 , Cramp & Perrins 1994 . Investigations in the Mediterranean, where some populations appear to be thriving (Pons 2004) , would be essential to understand the decline of the Swiss population, which inhabits a sub-Mediterranean landscape. Additionally, there is a pressing need to understand the nature of processes that may be affecting the Ortolan Bunting in its wintering grounds, and at stopover sites. ARDEA 97(3), 2009 These may provide explanation for the observed declines in breeding areas, not only of the Ortolan Bunting, but also of a considerable number of other long-distance migrants (Sanderson et al. 2006 , Heldbjerg & Fox 2008 , Zwarts et al. 2009 ).
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